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Abstract/Summary 
 
 Presently, large freezers are used to chill glass mugs at an average rate of 40 minutes per 
load.  Due to the length of time it takes, these units freeze many mugs at once.  It was the task of 
the design team to develop a small system to frost a single glass mug in much less time.  The 
system should easily fit within a restaurant or bar setting and should be capable of reducing a 
glass mug’s temperature from 80ºF to 30ºF within two-minutes. 
 The design illustrates the concept of conduction to cool the glass mug by modifying a 
standard vapor compression refrigeration cycle to incorporate a Mug Boot evaporator system 
instead of a standard convective evaporator.  The Mug Boot unit was designed to precisely fit the 
outside dimensions of a standard 25 ounce Granite City glass mug.  To reach the temperatures 
required for this application the properties of several refrigerants were studied and discussed 
with a refrigeration professional.  Following a refrigeration professional’s recommendation, the 
design team decided to switch refrigerants from our original choice of R134a to a more capable 
R404a[7]. 
 To test the system, thermocouples were attached to key components of the system that 
would monitor temperatures in order to determine the capabilities of the Mug Froster design.  
Data was recorded during testing using a created LabVIEW program. 
 The total cost to build the Mug Froster system was calculated at $1,945 and is 
comparable to a commercial high-end bulk mug chiller unit that requires 40 minutes to chill 
mugs to the same temperature that the Mug Froster can reach. 
 To further enhance the Mug Froster, it was recommended to: replace all the flare 
connections with brazed connections; add a defrost cycle, using computer controls, to the 
refrigeration system; add a drain to properly remove all water after the defrost cycle; incorporate 
lighter materials into the frame; and as a final point, improve the thermal details of the enclosure 
and door to reduce heat infiltration.  Future prototypes should be constructed with these 
recommendations. 
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Section I: Refrigeration Design 
 
The selected conceptual design uses the heat transfer concept of conduction to reduce the 
temperature of the glass mug more quickly than if it used the concept of convection.  To use 
conduction, the evaporator of a vapor-compression refrigeration cycle was replaced with a Mug 
Boot to pull heat from a glass mug.  The Mug Boot consists of a hollow aluminum cylinder with 
refrigerant lines running through the cylinder walls.  The Mug Boot design can be seen in Figure 
1. 
 
Figure 1: Mug Boot design drawing 
 
The refrigerant selected to flow through the Mug Froster refrigeration system must be 
capable of producing the lowest possible temperature difference between the glass mug and the 
Mug Boot in order to remove heat quickly, but also could not be too low as to cause the glass 
mug to break under thermal shock.  Initially, R134a was selected because it was a safe and 
readily available refrigerant.  R134a’s major drawback though, is its higher low-temperature 
boundary that the system could not exceed compared to other refrigerants.  The higher low-
temperature boundary would mean that it would take more time to reduce the temperature of the 
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mug, which was undesirable.  This, along with the recommendation of a refrigeration 
professional, led to the selection of a second refrigerant, R404a.  The refrigerant R404a is a 
hydrochlorofluorocarbon (HCFC) type refrigerant which is nearly azeotropic and is made up of a 
blend of 52 wt. % R143a, 44 wt % R125 and 4 wt % R134a[8].  Azeotropic mixtures, like R404a, 
have sharp boiling points instead of boiling over a range of temperatures.   It was designed as a 
safe replacement of R-22 and R-502 CFC refrigerants.  With a boiling point of -51.7ºF under 
normal pressure and other likable properties, R404a from a cooling standpoint is a much better 
fit to the system than the originally selected R134a.   
After changing the refrigerant to be used in the system to R404a, other component 
selections were also altered because original components were selected for R134a and not 
R404a.  This led to the selection of an air cooled Tecumseh Model AJA2429ZXAXB condensing 
unit.  This condensing unit was specifically built for use with R404a and a low temperature 
application.  With a ¾ horsepower compressor and a heat removal rating of 2890 Btu/h, the 
condensing unit is slightly oversized and should have no issues producing a desired Mug Boot 
temperature around -10ºF or lower. Other manufacturer given properties can be seen in 
Appendix  D and  E.   This condensing unit would also ease the other component selection 
process as well as the building process because the compressor, condenser, and receiver 
refrigeration components are factory sized and connected.  The only other standard refrigeration 
component required for our system is the thermal expansion valve.  After again seeking the 
advice of a refrigeration professional, a Sporlan Valve Company KT-43-SZ thermal expansion 
valve was selected for use in the system.  The KT-43-SZ valve is recommended for use with 
R404a and has a balanced port construction making it well suited for small capacity refrigeration 
systems which operate over widely varying operating conditions[7]. 
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Section I: Mechanical Design 
 
The mechanical design portion of the project has several requirements that must be met 
with the most restricting requirement being: the footprint of the unit be less than a square meter.  
A full aluminum frame made from 1 ½ inch square hollow aluminum tube will support the 
system.  The system will be enclosed by applying 0.032 inch thick 6062 aluminum sheeting to 
the frame.  A thicker, 0.125 inch thick 6062 aluminum sheet will act as a shelf to support the 
evaporator Mug Boot and separate the hot and cold sides of the refrigeration system.  The main 
advantage of using the aluminum square tube as a frame and the aluminum sheeting as the 
enclosure is that the properties of these materials give more than adequate support and room for 
insulation to be added between frame members.  The insulation in our system has the purpose of 
reducing the heat infiltration into the cold side thus requiring more heat to be removed by the 
Mug Boot evaporator.  The insulation selected was a ¾ inch thick DOW® Blue Board 
Styrofoam insulation with an R value of 4.  The ¾ inch thickness would allow two layers of 
insulation to be stacked and be capable of fitting within the 1 ½ inch aluminum frame members.  
Stacking two sheets of the insulation increases the R value to 7.5[9].   
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Section II: Building Process 
  
The steel frame was the first part of the Mug Froster to be built.  The square steel tubes 
were cut to length and then welded together to form the frame.  The welds were then smoothed 
using a power grinder.  After this was completed, 1 ½ inch caster wheels were added using welds 
to the bottom four corners of the frame to ease transportation of the completed unit as shown in 
Figure 2.   
 
 
Figure 2: Completed Steel frame with caster wheels attached 
 
 Once the frame was completed the Tecumseh Condensing unit was fitted and secured to 
the frame via two, 5/16 x 3 inch carriage bolts and nuts.  The condensing unit was positioned so 
it would be able to pull in air from the left side of the Mug Froster.  With the condensing unit in 
place, the ideal location for a pressure gage, filter drier, sight glass and expansion valve were 
found. These components along with 1/4 inch refrigeration line were connected using flare 
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connections.  The next component to be installed was the expansion valve.  The valve was 
directly mounted to the frame using a ¾ by 6 inch copper Milford hanger that provided a secure 
but flexible base.  Figure 3 shows the location of these components within the frame. 
 
 
Figure 3:  Filter Drier, Sight Glass and Expansion Valve location. 
 
After the expansion valve was mounted, a ½ inch refrigeration pipe was installed to the 
outlet port of the expansion valve and a ¼ inch refrigeration line installed on the equalization 
port.  The ½ inch line was then reduced using a 3/8 inch flare reducer coupling. This would 
allow it to be connected to the 3/8 inch inlet of the evaporator Mug Boot.   
 The evaporator Mug Boot was precision milled by Flare Machining of Fort Wayne from 
a 5 inch OD x 3.5 inch ID x 0.75 inch aluminum pipe that was purchased through Speedy 
Metals.  Flare Machining increased the inside diameter from 3.5 to 3.7 inches which would allow 
the glass mug to fit tightly.  Flare then cut a portion of the pipe wall out to account for the handle 
of the glass mug.  The final alteration that Flare made was to drill ten, 3/8 inch holes through the 
wall of the pipe.  These ten holes would allow 3/8 inch refrigeration lines to be installed in the 
wall of the Mug Boot.  Due to the limited spacing between consecutive holes of the Mug Boot, 
the refrigerant lines were routed unconventionally. The pipes were routed in such a fashion to 
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produce loops within the Mug Boot but without pinching the 3/8 inch refrigeration line. The final 
refrigeration path and completed evaporator Mug Boot can be seen in Figure 4.   
 
 
Figure 4: Completed evaporator Mug Boot showing the refrigeration line routing. 
 
The evaporator Mug Boot was installed in a custom fitted Plexiglas base that would 
support the Mug Boot level on an aluminum shelf.  The aluminum shelf was supported directly 
by the steel frame and featured two, ½ inch holes that allowed the refrigeration inlet and outlet 
lines to be connected to the evaporator.   
Once the refrigeration line exits the evaporator Mug Boot, a flare connection is used to 
connect it to a 3/8 inch return line to the compressor. The return line also features the low side 
pressure gage and the expansion valve equalization line as shown in Figure 5.  The pressure gage 
and equalization line join the main return line using flare tee couplings.  The final connection to 
the compressor is a ½ inch flare which completes the refrigeration connections. 
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Figure 5: Low side pressure gage and expansion valve equalization line connections and layout. 
 
 Once the refrigeration components and lines were installed, 0.032 inch thick 6062 
aluminum sheeting was installed using #8 x ½ inch pan head self tapping sheet metal screws to 
the outside of the frame to form the cold box enclosure.  This enclosure was then insulated using 
2 sheets on each side and one sheet on top of ¾ inch DOW® Blue Board Insulation with an R 
value of 7.5 for the two sheets and 4 for the single top sheet[9].  The bottom of the shelf was 
insulated to separate the hot and cold sides of the refrigeration system using 2 inch DOW® Blue 
Board Insulation.  Figure 6 shows the insulation being installed between the frame members and 
inside the aluminum housing.   
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Figure 6: Insulation being installed between the steel frame members and the aluminum sheeting. 
 
The front door was installed using a 12 x 1-1/16 inch piano hinge that was mounted 
directly to the left vertical frame member of the insulated enclosure and to the aluminum door 
panel.  A 4-inch wire pull handle was attached opposite the piano hinge to the aluminum door 
panel using the provided screw set.  A wooden spacer was needed on the inside of the door to 
provide thickness and support for the screw set.  The wooden spacer also serves as a base for a 1-
3/16 inch diameter shallow pot magnet that has a magnetic attraction to the steel frame to keep 
the door closed as shown in Figure 7.  Insulation was then attached to the inside of the door panel 
using Loctite Power Grab Adhesive.  To further decrease the amount of heat leaking into the 
insulated box area Comfort Seal Super Firm Closed-Cell Sponge-Rubber Tape was installed 
around the door opening area and DOW® Great Stuff Big Gap Filler spray foam was applied to 
the areas where the refrigeration pipes enter and exit the cold box through the shelf.   
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Figure 7: Shallow Pot Magnet and Wood Base on Door 
 
 The process of charging our system with refrigerant involved several steps.  Due to the 
properties of R404a, only a licensed refrigeration expert is allowed to charge systems using this 
refrigerant.  The refrigeration expert first must pressure test the system to ensure that the 
refrigerant charge is not quickly lost to the environment.  The technician connects manifold 
hoses to valves on the compressor and receiver.  The manifold is then connected to a pressurized 
supply tank that contains nitrogen.  The manifold lines are then opened and the system is 
pressurized to 300 psi.  The pressure is then monitored for a pressure drop for several minutes.  If 
unsuccessful the pressure is removed and a minute charge of refrigerant is added and the system 
is once again pressurized to 300 psi using nitrogen mixed with the refrigerant charge.  The 
technician then uses a Refrigerant Leak Detector to detect where the refrigerant and nitrogen was 
leaking.  This tool detects the refrigerant by taking an air sample, passing the air sample over a 
flame and then analyzing burnt air sample.  Once it is determined where the leak is occurring, 
which usually happens at a flare connection, the flare nut is tightened until the detector no longer 
detects a leak.  Once all leaks have been repaired, the nitrogen is evacuated and the system is 
connected to a vacuum pump that will pull a vacuum on the system.  A vacuum is needed to be 
pulled on the system for 20 minutes to ensure all air has been removed. Continuing to pull a 
vacuum for a longer period of time will help remove more moisture in the system and is 
recommended.  Once this is complete the compressor and receiver valves are closed and the 
manifold inlet hose is connected to the R404a storage tank.  The valves are then opened and 
R404a is added to the system.  The refrigerant is added until a desired pressure is reached which 
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directly correlates to a temperature the system will produce during operation.  The compressor is 
supplied power and the refrigerant begins to flow throughout the system.  The flowing 
refrigerant can be seen by looking at the sight glass which not only shows the flowing refrigerant 
but also the amount of moisture remaining in the system.  If the compressor is allowed to run 
continuously, the high side pressure of the system will normalize and the expansion valve will 
begin to throttle until it produces a sustainable low temperature.  To monitor the valve throttling 
process a thermocouple was attached to the surface of the evaporator Mug Boot and the 
temperature reading is observed.  The throttling by the valve will eventually find an equilibrium 
at the operating pressure of the system.  Once this equilibrium is reached, the system will only be 
capable of producing a temperature associated with the operating pressure of the system.  To 
further alter the temperature of the evaporator, refrigerant would need to be removed or added, 
which would result in an increase or decrease in pressure and thus a change in temperature.  
Three lbs of R404a in the system was found to produce the desired -10ºF evaporator temperature.  
However, it was later found that when the thermal details were improved the system was capable 
of reaching an evaporator Mug Boot temperature of around -20ºF with the same 3 lb R404a 
charge.  Now that our system has been charged and a minimum evaporator Mug Boot 
temperature has been reached testing can begin. 
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Section III: Objective 
 
Currently, large freezers are used to chill glass mugs at the average rate of 40 minutes per 
load.  Due to the length of time it takes, these units freeze many mugs at once.  This design is a 
small system used to frost a single glass mug in a two-minute duration.  This will be 
accomplished by putting the glass mug through a specially-designed process that will allow heat 
to be evacuated more rapidly from the glassware than in conventional freezers.  Current 
estimates indicate this specially-designed process can allow frost to form on the glass surface of 
the mug within two-minutes assuming the initial glass temperature is around 80ºF. 
 
• Temperature Levels – The glass mug is assumed to be slightly above room temperature 
prior to entering the Mug Froster, with the assumed maximum temperature being 80ºF.  
This is to acknowledge that the mug may have come from a dishwasher and may still be 
at an elevated room temperature.  The lower limit temperature is assumed to be 30°F, 
which will cause frost to form. 
 
• Time – The Mug Froster must cool the glass mug down to the lower limit temperature of 
30°F within a two-minute time frame.  The time frame is assumed to begin once the door 
is closed.  Once the two-minute time frame has been reached the door is re-opened and 
the mug is removed from the Mug Froster.   
 
Material List 
1. Mug Froster 
2. Libbey Glass Mug Model #5272 
3. 6 Thermocouples 
4. Aluminum Tape 
5. Electrical Tape 
6. Data Acquisition System (DAQ). 
7. LabVIEW 
8. Heating Pad 
9. Insulated Box 
10. Scissors 
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Section III: Procedure 
 
1. Place a heating pad inside an insulated box, place mug on heating pad, and allow the 
glass mug to be heated to 80ºF.  It will take a room temperature mug approximately 15 
minutes in the insulated box. 
 
2. Calibrate and install the thermocouples* at the following locations via aluminum or 
electrical tape: 
• Inside surface of the mug to record the inside surface mug temperature. (Figure 8) 
• Outside surface of the mug in same location as inside surface. (Figure 8) 
• Outside surface of the Mug Boot, left of the mug handle cut out. (Figure 9) 
• Inside the Mug Froster to provide inside air temperature readings. (Figure 10) 
• Outside the unit on the left side to provide outside air temperature readings. (Figure 
11) 
 
*The calibration procedure for the thermocouple calibration is located in the appendix. 
 
3. Once the thermocouples have been placed, connect the leads to a Data Acquisition 
system (DAQ). 
4. A LabVIEW program was created to record the readings of the thermocouples during 
testing.  The front panel and block diagram can be seen in Figure 12 and Figure 13 
respectively. 
5. Plug the compressor power cord into an electrical outlet and allow the system to reach its 
steady state.  The system will reach steady state in approximately thirty minutes.  This 
can be observed by using the LabVIEW program to monitor the Mug Boot temperature 
until it levels off at its steady state.  The Mug Boot temperature should level off around -
20ºF.   
6. Once the Mug Boot has reached its steady state temperature, record the two pressure gage 
readings.  The pressure gages are located near the exit of the receiver and the entrance to 
the compressor.  Figure 14 shows the location of the pressure gages.   
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7. Once the glass mug has been heated to 80ºF, start the data-recording program and place 
the mug inside the Mug Boot noting the time at which it was inserted and the door closed. 
8. After two-minutes, open the door and remove the mug from the boot using caution as the 
surface will be cold. 
9. Stop the data recording and save the file for analyzing. 
10. Repeat the testing process altering the initial mug temperature until the best results are 
achieved.  This will be determined by the shortest amount of time it takes the glass mug 
surface temperature to reach 30ºF. 
 
 
 
Figure 8:  The Location of the Thermocouples Installed on the Mug 
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Figure 9:  The Location of the Thermocouples Installed on the outer surface of the Mug Boot 
 
 
 
 
 
 
Figure 10:  The Location of the Thermocouple Installed Inside the Mug Froster to Record Inside Air 
Temperature 
 
 
Thermocouples 
23 
 
 
Figure 11:  The Location of the Thermocouple Installed on the Outside of the Mug Froster Unit 
 
 
 
 
 
 
Figure 12:  LabVIEW Program Front Panel 
 
 
Thermocouple 
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Figure 13:  LabVIEW Program Block Diagram 
 
 
 
 
 
 
 
Figure 14:  Pressure Gage Locations 
Pressure Gage 
Location 
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Section III: Data and Results 
 
Looking at Figure 15, the Inside Box temperature shows the door was opened about 30 
seconds into the trial run.  Looking a couple seconds later into the trial, the drastic change of 
temperature of the outside of the mug can be seen dropping from an initial temperature of 82.6ºF 
down to a temperature around 30ºF in six seconds from the initial time that the mug contacts the 
Mug Boot.  Notice the inside surface mug temperature is slow to react to the initial temperature 
change of the outside surface of the mug due to glass’ low thermal conductivity.  Even with 
glass’ low thermal conductivity the Mug Froster was still able to reduce the inside temperature of 
the mug below 30ºF, in 123 seconds, which is very close to the predicted two-minute time frame.  
 
 
 
Figure 15: Data from the First Trial of Testing 
 
 
Repeating the testing procedure three times produced similar results with the inside 
surface of the mug reaching temperatures below 30ºF each time within or very close to the two-
minute time frame.  The data from two more trial runs can be seen below in Figure 16 and Figure 
26 
17 respectivly.  Table 1 shows the initial temperature of the mug for each trial run, the ending 
temperature after the two-minute time frame, and the start and stop times of the two-minute time 
frame.  The operating pressures of the R404a refrigerant were also noted at 175 psi and 6 psi for 
the high and low side pressures respectivly for all trials.  
 
 
 
 
Figure 16: Data from the Second Trial of Testing 
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Figure 17: Data from the Third Trial of Testing 
 
 
Table 1: Initial and Final Temperatures and Times 
 
 Initial Mug Temperatures (ºF) 
Final Mug 
Temperatures (ºF) 
Two-Minute 
Time Frame (s) 
Trial Outside Inside Outside Inside Start Time 
End 
Time 
1 82.67 80.37 16.24 29.78 48 168 
2 80.15 80.02 13.40 26.55 43 163 
3 80.37 78.75 14.29 23.56 42 162 
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Figure 18: Frosted Mug; after two-minutes in the Mug Froster the glass mug shows a layer of frost. 
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Section III: Discussion/Evaluation 
 
After testing was complete, the Mug Froster preformed very closely to what was predicted in 
initial calculations.  The testing objective, reducing mug temperature to 30°F in a two-minute 
duration, was successfully fulfilled.  Several modifications and adjustments were made during 
testing to produce a better frosting result.  These modifications and the reasoning behind each are 
discussed below. 
 
1. Uniform Frost Coating  
a. Due to not having one hundred percent contact because of minute irregularities on 
the surface of the Mug and Mug Boot walls, the surface temperature of the Mug 
varied, resulting in non-uniform frosting. 
i. These irregularities caused the surface of the mug to not be in contact with 
the walls of the Mug Boot at all locations.   
b. To correct this problem, a one inch by one inch piece of tape was added to the top 
outside edge of the mug, opposite the mug handle.   
i. The one inch by one inch piece of tape increased the contact area between 
the Mug and the Mug Boot, thus producing a more uniform frosting result.   
 
2. Frost on the Evaporator Coils and the Mug Boot 
a. Throughout testing frost would build up on the evaporator coils and the Mug 
Boot.   
i. The frost would reduce the heat transfer from the mug due to the fact that 
frost is a natural insulator.   
b. To combat this problem a layer of car wax was applied to the inside surface of the 
Mug Boot.   
i. It was applied to the inside surface of the Mug Boot to increase heat 
transfer between the Mug and the Mug Boot by eliminating the natural 
insulator, frost. 
1. The outer surface of the Mug Boot did not receive car wax because 
this surface was not in contact with the Mug.  
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ii. The wax drastically reduced the amount of frost that formed on the inside 
surface of the Mug Boot to less than the thickness of a piece of paper. 
 
3. Dew Point and Frost Formation 
a. When the dew point was well above 30ºF, it allowed frost to form more readily 
compared to testing that occurred on days with the dew point closer to the 30ºF 
final temperature requirement. 
i. In order for frost to form the temperature of the glass must be below the 
dew point and freezing temperature of water.   
ii. The larger the temperature difference between the glass temperature and 
the dew point, the greater amount of frost formation on the glass mug. 
b. This was noticed during testing that occurred during a day with a dew point 
temperature of 64ºF (∆T=34 ºF) easily forming frost on the surface of the glass 
mug compared to testing that occurred on a day with a dew point of only 38ºF 
(∆T=8 ºF). When the dew point was lower, the temperature of the Mug was still 
below 30ºF, yet frost scarcely formed on the surface of the mug due to low 
moisture content of the room air. 
 
After making the aforementioned modifications the Mug Froster met or exceeded all of 
our testing requirements.  It was found that the Mug Froster could remove enough heat to cause 
the inside surface of the mug to drop from 80ºF to 30ºF within the required two-minute duration. 
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Section IV: Evaluation and Recommendations 
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Section IV: Cost Analysis 
 
The table below shows the cost analysis for building the Mug Froster prototype. 
 
Part Retailer Cost Quantity Total Part Description
Tecumseh Air Cooled Condensing Unit Satt ison Refrigeration 712 .60$                                                     1 712 .60$                                
Thermostatic Expansion Valve Satt ison Refrigeration 72 .74$                                                       1 72 .74$                                  
3/4" x 6" Expansion Valve Hanger Menards 1.47$                                                          1 1.47$                                     
Aluminum Bar "Boot" Speed y Metals 109 .14$                                                     1 109 .14$                                 
6062 Al Sheeting "Shell" Metal Supermarket 54 .12$                                                       1 54 .12$                                   6062  Al Sheet  (0 .032")
Square Steel Tube Frame Member at 72" Metal Supermarket 18 .44$                                                       4 73 .76$                                  
Square Steel Tube Frame Member at 84" Metal Supermarket 26 .96$                                                      2 53 .92$                                  
6062 Al sheeting "shelf" Metal Supermarket 18 .79$                                                       1 18 .79$                                   6062  Al Sheet  (0 .125")
1/2" Copper Refrigerant Line Lowes 3 .21$                                                         1 3 .21$                                     
3/8" Copper Refrigerant Line Menards 39 .54$                                                      1 39 .54$                                  
Hinges Menards 4 .70$                                                         1 4 .70$                                    Cont inuous  Hing e Plain unfinished  12  in x 1 in
Door Handle Menards 2 .21$                                                         1 2 .21$                                     4 " Wire Pull Hand le
1/4 x 10 Union Home Depo t 7.42$                                                         2 14 .84$                                  
1/4" Flare Nut Home Depo t 1.40$                                                         6 8 .40$                                    
1/4" Flare Nut brueggemann Lumber 1.60$                                                         1 1.60$                                     
3/8 Flare Nut brueggemann Lumber 2 .66$                                                        1 2 .66$                                    
3/8 Flare Nut Lowes 2 .04$                                                        6 12 .24$                                  
3/8" Flare Nut (10pk) Menards 4 .80$                                                        1 4 .80$                                    
3/8" Flare Elbow Brueggemann Lumber 3 .52$                                                         6 21.12$                                   
1/4" Brass T North Side Plumbing 4 .21$                                                         1 4 .21$                                     
1/4" Flare Union Home Depo t 1.63$                                                         1 1.63$                                     
3/8 Flare Union Menards 1.69$                                                         3 5.07$                                     
1/4" x 1/4" Flare Union North Side Plumbing 0 .96$                                                        1 0 .96$                                    
3/8" x 1/4" Flare Union North Side Plumbing 0 .75$                                                         2 1.50$                                     
3/8" 3/8" Flare to MPT Menards 1.81$                                                          1 1.81$                                      
3/8" x 3/8" Elbow Flare Menards 2 .97$                                                         5 14 .87$                                   
1/2" x 3/8" Elbow Flare Menards 2 .88$                                                        1 2 .88$                                    
Flare Fittings North Side Plumbing 35.25$                                                       1 35.25$                                  
1/2" x 1/2" Elbow Flare Menards 3 .19$                                                         1 3 .19$                                     
Swivel Connector Flare Menards 5.02$                                                         3 15.06$                                   
Sight Glass Satt ison Refrigeration 13 .41$                                                        1 13 .41$                                   
Filter Dryer Satt ison Refrigeration 9 .99$                                                        1 9 .99$                                    
3/4 x 4' x 8' Insulation Lowes 9 .07$                                                         1 9 .07$                                    
Power Grab Caulking Lowes 8 .31$                                                         1 8 .31$                                     
R-404 Refrigerant Satt ison Refrigeration 48 .10$                                                       1 48 .10$                                  
Electrical Tape Menards 2 .11$                                                          1 2 .11$                                      
Foil Tape Menards 6 .41$                                                         1 6 .41$                                     
3/4" x 1429" Teflon Tape Menards 3 .73$                                                         1 3 .73$                                    
3-1/8 Glow-In-The Dark Gauges Grainger 40 .64$                                                      2 81.27$                                   
Foam Tape Menards 3 .02$                                                        1 3 .02$                                    
Spray Foam Insulation Menards 6 .94$                                                        1 6 .94$                                    
15 lb Shallow Pot Magnet Menards 3 .73$                                                         1 3 .73$                                    
Misc. 11.29$                                                        1 11.29$                                   
Manufacturing Labor 8.00$                                                        30 240 .00$                               
Labor Satt ison Refrigeration 50 .00$                                                      4 200 .00$                               
Total 1,945.67$  
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The $1,945 required to build the Mug Froster is under our estimated budget of $2,000 
and is comparable to high-end commercial batch frosting systems.  Mass production of the Mug 
Froster may provide additional cost savings but was not analyzed in this report. 
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Section IV: Evaluations 
 
 The Mug Froster was tested and its performance was evaluated. These evaluations are 
presented below: 
? The Mug Froster was capable of reducing a mug from 80ºF to 30ºF within a two-minute 
duration thus completing the testing objective as predicted by the analytical model. 
? The Mug Froster had a Mug Boot working temperature of -20ºF which was also predicted 
by the analytical model. 
? The footprint of the Mug Froster was less than one meter squared, completing a design 
objective. 
? All objectives were completed without causing thermal shock to occur which was a 
concern of the design team. 
 
While the objectives were met, three flaws were identified. The flaws are presented 
below. 
? Flare connections were bulky, expensive and difficult to install. They also acted as a leak 
point if not installed correctly. An alternative connection would be recommended.   
? Deposition of water vapor on the inside surface of the Mug Boot reduced the heat transfer 
between the outer surface of a mug and the inside surface of the Mug Boot. Reducing the 
frost on the inside surface of the Mug Boot would be recommended. 
? Heat infiltration became a problem during testing and was combated by improving the 
thermal details of the housing and door. By improving these thermal details, better test 
results were found. Refining the thermal details would further increase the results of the 
Mug Froster. 
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Section IV: Recommendations 
 
Having completed building and testing the Mug Froster prototype, the team would like to 
make four recommendations to improve the Mug Froster prototype.  The first would be to 
replace the flare connections used throughout with brazed fittings.  The cyclical heating and 
cooling of the flare connections throughout operation of the system causes the flare connections 
to contract and expand, loosening the fitting.  Eventually the fitting will not be capable of 
providing a tight enough seal to contain the refrigerant, allowing it to leak, and reducing the 
capabilities of the system.  Properly prepared brazed fittings will not leak due to thermal 
expansion and are better suited for long term use in refrigeration systems.   
 
Secondly, we would recommend that successive prototypes incorporate an electronically 
controlled defrosting feature to remove frost build up that forms on the evaporator coils and Mug 
Boot.  If the frost build up is not removed from the heat exchange surfaces, rates at which 
conduction can occur are greatly reduced.   
 
Thirdly, a drain will also need to be added to collect the melted frost that will gather on 
the shelf during a defrost cycle. 
 
Our fourth recommendation is to improve the effectiveness of the door seal, which will 
result in the reduction of the amount of heat that can infiltrate the cold area of the system.  
Reducing the heat infiltration will reduce the amount of heat that the evaporator Mug Boot is 
required to remove and may also slow the deposition of water vapor on heat exchange areas. 
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Conclusion 
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Conclusion 
 
In conclusion, the objective of reducing the temperature of a mug to 30ºF within two-
minutes has been met.  The Mug Froster is capable of frosting a glass mug within the two-minute 
time frame by lowering the temperature of the glass mug from an initial 80ºF to a sub freezing 
30ºF.  However, it was found that the amount of visual frost that forms on the glass mug is 
directly related to the humidity and dew point temperature which in the current prototype can not 
be controlled.  From testing, it was found that a dew point temperature that was greater than 
fifteen degrees above the freezing temperature of water would result in the best frost formation 
on the glass surface. It was also recommended to improve four different areas where flaws were 
found. These areas of improvement were to replace flare connections with brazed fittings; to 
introduce a defrost cycle to the refrigeration cycle; add a drain to capture the liquid from the 
defrost cycle; and to improve the thermal details of the housing and door to reduce heat 
infiltration. 
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Appendix 
 
A. Thermocouple Calibration Procedure: 
 
1. Obtain a hot plate and fill a beaker with water. 
2. Place the beaker of water on the hot plate and bring to a boil. 
3. Fill another beaker with ice water. 
4. Record the room temperature using a standard liquid thermometer. 
5. Connect thermocouples to a Data Acquisition System and use a LabVIEW program to 
monitor the temperature readings. 
NOTE: LabVIEW must be set up correctly to use the thermocouple.  This means the 
thermocouple type and an initial Cold Junction Compensation (CJC) value must be entered. 
6. Adjust the CJC value so that the thermocouple is reading the same room temperature as 
the liquid filled thermometer. 
7. Place the thermocouple into the ice bath and ensure that the thermocouple is reading a 
temperature near 32 ºF. 
8. Remove the thermocouple from the ice bath and check to ensure it once again reads the 
room temperature. 
9. Using caution, place the thermocouple into the boiling water and ensure that the 
thermocouple is reading a temperature near 210ºF. 
10. If the thermocouple reads accurately at these three temperatures then it is ready to use in 
the experiment.  If not alter the CJC value and repeat the testing procedure until the 
thermocouple reads accurately. 
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B. Raw Testing Data 
 
Data from Test Trial 1 can be seen on the following pages, but due to the amount of data, Test 
Trial 2 and Test Trial 3 have been omitted from this report. Test Trial 2 and Test Trial 3 data is 
available upon request by contacting Grant Wegenka via email at weget01@students.ipfw.edu  
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C. Thermal Expansion Valve Data Sheet 
 
53 
D. Tecumseh Condensing Unit Technical Sheet 
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E. Tecumseh Condensing Unit Performance Data 
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F. Tecumseh Condensing Unit Wiring Diagram 
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G. Tecumseh Condensing Unit Mounting Diagram 
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H. Sight Glass Technical Information 
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I. Filter Drier Technical Data Sheet 
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J. Refrigerant R404a MSDS 
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